Objective. The Centers for Disease Control and Prevention (CDC) provides funding for human immunodeficiency virus (HIV) surveillance in 65 areas (states, cities, and U.S. dependent areas). We determined the amount of CDC funding per reported case of HIV infection and examined factors associated with differences in funding per reported case across areas.
Since the beginning of the human immunodeficiency virus (HIV) epidemic almost 30 years ago, national HIV surveillance has evolved. In 1981, the Centers for Disease Control and Prevention (CDC) initiated population-based acquired immunodeficiency syndrome (AIDS) surveillance with a case definition based on opportunistic illnesses. 1 Since then, all states and dependent areas have conducted AIDS surveillance by using a standardized, confidential, name-based reporting system. 2 By 1985, serologic tests for the HIV antibody had become widely available, and several states had begun reporting HIV diagnoses. In late 1992, CDC published a revised definition for HIV and an expanded definition for AIDS. 3 CDC published national guidelines for HIV case surveillance in 1999 and updated these with guidance in 2005. 1, 4 All 50 U.S. states, the District of Columbia, and five U.S. dependent areas had confidential name-based HIV infection reporting systems by April 2008 (Personal communication, Patricia Sweeney Hardy, CDC, National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention/ HIV Incidence and Case Surveillance Branch, April 2008).
CDC provides funding to states, cities, and U.S. dependent areas to monitor (1) the number and characteristics of people who have a diagnosis of HIV infection and (2) the trends in HIV-and AIDS-related morbidity and mortality. 5 Surveillance data are used to elucidate changes in trends of HIV transmission; identify populations at risk; focus interventions and evaluate their effectiveness; allocate funds; and facilitate access to health, social, and prevention services. 6 HIV surveillance comprises active and passive data collection. Regardless of how the information is received, all data are entered locally into the HIV/AIDS Reporting System (HARS). After personal identifying information has been removed, the data are sent to CDC.
For several years, the funding for core HIV surveillance in all areas has remained stable. However, the number of incident cases occurring in a given year has recently been estimated to be more than previously reported. 7 In this context, it is increasingly important that limited funds be efficiently and accurately directed to populations at risk. The purpose of this study was to determine the amount of CDC core surveillance funding allocated per reported case of HIV and to examine factors associated with differences in funding per case reported during 2006.
METHODS

Areas included in analysis
HIV surveillance is currently funded in the 50 U.S. states and the District of Columbia (DC); six separately funded cities (Chicago, Houston, Los Angeles, Philadelphia, New York City, and San Francisco); and five U.S. dependent areas (American Samoa, Guam, the Northern Mariana Islands, Puerto Rico, and the U.S. Virgin Islands). 2 Surveillance funding is also provided to the Federated States of Micronesia, the Marshall Islands, and Palau, which report only AIDS cases. The six cities receive funding separately from the states in which they are located because of high AIDS morbidity in the earlier years of the epidemic. In 2006, CDC accepted cases of HIV infection from 45 states and five dependent areas that conducted confidential namebased HIV infection reporting. 2 We limited our analyses to the 50 states, DC, and the six separately funded cities. Cities were defined based on the area served by the relevant separately funded city health department. We included DC with the states rather than with the separately funded cities because DC is a stand-alone entity. We did not include U.S. dependent areas because of differences in reporting structures and funding mechanisms, and the lack of availability of specific variables.
HIV and AIDS cases
We used HIV data from the CDC HARS database. 2 We considered three issues when determining HIV diagnoses by reporting area. First, only data from states with mature (at least four years of data reporting to CDC), confidential, name-based HIV reporting systems are generally included in reports. However, because the maturity of the system was not our paramount concern, we included all 45 states that conducted confidential name-based HIV infection reporting during 2006. To estimate the number of HIV diagnoses in the other six areas, we calculated an AIDS:HIV ratio, which was based on the total number of AIDS and HIV diagnoses reported by those 45 states, and then divided the total number of AIDS cases in DC and each of the remaining five states (Hawaii, Maryland, Massachusetts, Montana, and Vermont) by this ratio.
The second factor was our need to use the reporting city or state rather than area of residence for people diagnosed with HIV infection (area of residence is routinely used in CDC publications). Therefore, the numbers used in our analyses may be slightly different from those presented in CDC's annual HIV/AIDS Surveillance Report. However, although the reporting state is a routinely collected variable, health departments are not required to name the reporting city when they submit data to HARS. This difference in reporting requirements was of particular concern when trying to determine the number of cases reported by the five states with separately funded cities. However, in each of the states with separately funded cities, the percentage for which the HIV reporting city was available was higher than the national average (71.4%): 100.0% in Illinois, New York, and Texas; 99.5% in California; and 85.3% in Pennsylvania. Communication with the state health department allowed us to determine the reporting city for the remaining 14.7% of Pennsylvania HIV diagnoses.
The third factor was progression from HIV infection to AIDS (i.e., HIV diagnoses reported in 2006 that were later reported as AIDS). The total number of HIV diagnoses reported by any given area comprises two groups-HIV only (i.e., reported as HIV in 2006, but not later reported as AIDS) and HIV progressed to AIDS (i.e., reported as HIV in 2006, but later reported as AIDS, regardless of whether the AIDS report was made in 2006 or later or whether the report was made by the original area or a different area). In 2006, 8.1% (4,517/55,498) of diagnoses reported as HIV were later reported as AIDS by the same area. The cases that progressed to AIDS in 2006 are included in the AIDS numbers for 2006. However, because our concern was the cost of reporting cases of HIV and AIDS, "double counting" was not an issue. In other words, these cases were included twice because they were reported twice-once for the HIV report and once for the AIDS report; therefore, the cost of reporting was incurred twice.
Area HIV surveillance budgets
For our analyses, we used the total 2006 core surveillance budgets based on the "Notice of Grant Award" letters sent to each city and state health department. Core surveillance budgets comprise direct costs, including salary/wages, fringe benefits, travel, equipment, supplies, and contractual costs, as well as indirect costs. When more than one award was allocated or an award was rescinded, the net final amount was used in the analysis.
Calculation of outcome variable (CDC core HIV surveillance funding per case)
CDC core HIV surveillance funding per case reported was calculated by dividing the 2006 total core surveillance budget (direct and indirect costs) in a specific area by the combined number of HIV and AIDS diagnoses reported in 2006. Because funding is for both HIV and AIDS surveillance, we combined HIV and AIDS cases when calculating the average funding per case reported.
Explanatory variables
Using data from HARS, we included the number of HIV and AIDS cases as well as the percentage of cases in each transmission category-male-to-male sexual contact, injection drug use (IDU), high-risk heterosexual contact, male-to-male sexual contact and IDU, and no identified risk factor. 2 The percentage of cases in each transmission category was included because surveillance funding decisions may be based, to some degree, on the prevalence of certain risk groups. Population-based data for 2006 were obtained from the U.S. Census Bureau and other federal sources. In our initial analyses, we included the total population in an area, percentage black, percentage male, median age, 8 and percentage foreign-born. 9, 10 We also considered the region of the country in which the area is located, proportion of the population living in an urban setting, 11 and area in square miles of the funded city or state. 12, 13 The percentage of foreign-born people is for 2005, 9,10 while the percentage who were urban residents is based on estimates for 2000. 11 To approximate overall costs in a particular area, we included median annual household income (values for the 50 states and DC were derived from U.S. Census estimates for 2006; estimates of city income were based on 2003 U.S. Census estimates that were updated to 2006 using the seasonally adjusted U.S. city-average consumer price index for all items). [14] [15] [16] Two variables were included as approximations of labor costs. First was the annual median salary for an epidemiologist, which was derived from Bureau of Labor Statistics occupational wage categories. 17 For the states for which the salary of an epidemiologist was unavailable (n20), we imputed the salary by multiplying each state's percentage of the median all-occupation salary by the median salary for the states that did report the salary for an epidemiologist. We followed a similar procedure for the two separately funded cities for which a median salary for an epidemiologist was not reported. The second variable was the cost of living, estimated via the fairmarket rent for a two-bedroom apartment. 18 Finally, believing that the quality of reporting might affect the cost of reporting, we developed a proxy for the quality of surveillance data. This proxy was the number of years since an area initiated HIV reporting of any kind (code-or name-based). This variable was calculated by subtracting the month and year in which such reporting was initiated from December 31, 2006. All separately funded cities except Philadelphia were assumed to have initiated HIV reporting in the same month and year as the state in which they are located. 2
Analyses
The only funds considered in the analyses were those provided by CDC to the states and cities to conduct core surveillance. No state-or city-provided funds or other costs incurred by CDC were considered in the analyses. All costs are reported in 2006 U.S. dollars.
We used SAS ® version 9.1 to perform all analyses 19 and calculated initial descriptive statistics. Next, we assessed variables for normality and linearity as related to the outcome variable (funding per case reported). In developing the models, we first assessed correlation of all potential explanatory variables with the outcome variable (cut point  0.30). Then we evaluated collinearity using condition indices (cut point  0.30) and variance decomposition proportions (cut point  0.50). We used manual backward elimination (alpha  0.05) to assess potential effect modifiers (all two-way interaction terms) and potential confounders and to fit a parsimonious linear regression model based on the full model remaining after assessment of collinearity. 20 Backward elimination was conducted for each of four data stratifications: (1) all areas, (2) areas with low morbidity, (3) areas with moderate morbidity, and (4) areas with moderate-to-high morbidity ( Figure 1 ).
All data were collected as part of routine HIV surveillance as mandated by state or local laws or regulations. CDC determined that this project was not a research activity and, thus, did not require review by an Institutional Review Board.
RESULTS
Descriptive statistics
The mean number of reported HIV cases in 2006 was 1,396 for the states (plus DC) and 4,268 for the six cities. Total cases ranged from eight to 9,371 (median  766) for the states and from 2,039 to 8,522 for the cities (median  3,336). Average total CDC funding for core surveillance in 2006 was $486,603 for the states and $1,229,985 for the cities (data not shown).
Funding per case reported was $1,000 or more for 13 states and less than $100 for one of the states. For the states, the mean funding per case reported was $879. For the separately funded cities, the mean funding per case reported was $315. The funding per case reported did not exceed $1,000 or cost less than $100 for any of the cities. Of the 13 areas whose funding per case was more than $1,000, 12 were areas of low morbidity and one was an area of moderate morbidity. The one state whose funding was less than $100 was an area of high morbidity (data not shown).
As shown in Table 1 , in low morbidity areas, the mean number of reported HIV cases in 2006 was 239, ranging from eight to 934 cases (median  171). For moderate and high morbidity areas, the mean total cases were 1,815 and 5,594, respectively. The mean funding per case of HIV reported for low, moderate, and high morbidity areas was $1,520, $441, and $287, respectively. In moderate-to-high morbidity areas, the mean of total cases was 2,550 and the mean funding per case reported was $411.
Model development
We initially developed four models: (1) an overall model encompassing all areas, (2) a low morbidity model, (3) a moderate morbidity model, and (4) a high morbidity model. The high morbidity model would not run because it contained more potential explanatory variables than observations (n7). Therefore, we combined the moderate and high morbidity models. First, we evaluated all potential explanatory variables for normality as well as for the degree of linearity relative to funding per case reported. No gross deviations from normality were seen for any of the potential explanatory variables. We transformed the outcome variable from funding per case reported to the natural log of funding per case reported. We also transformed cases by taking the natural log of each observation. This process yielded relationships between the outcome variable and potential explanatory variables that were closer to linear. For all further analyses, we used log funding per case reported as the outcome variable and log cases as one of the explanatory variables.
We evaluated the degree of correlation for each potential explanatory variable with the log funding per case reported. This led us to eliminate 12 of the 18 potential explanatory variables. The potential explanatory variables eliminated based on evaluation of correlation were percentage of cases reporting male-to-male sexual contact, IDU, high-risk heterosexual contact, male-to-male sexual contact and IDU, and no identified risk factor; median age; percentage foreign-born; region of the country; area in square miles; median annual household income; median salary for an epidemiologist; and fair-market rent for a two-bedroom apartment.
Next, based on our collinearity assessment, we eliminated seven of the 15 possible two-way interaction terms and one of the potential explanatory variables (percentage male). The full starting model included log total cases; total population; percentage black; percentage urban; and years since HIV surveillance was initiated, as well as eight interaction terms: (log cases * total population; log cases * years since HIV surveillance initiated; total population * percentage urban; total population * percentage black; total population * years since HIV surveillance initiated; percentage urban * percentage black; percentage urban * years since HIV surveillance initiated; and percentage black * years since HIV surveillance initiated).
Parsimonious models
We performed backward elimination by first removing the most insignificant interaction term regardless of whether its p-value was the highest among all the insignificant terms. Next, to verify the models obtained through our backward elimination procedure, we performed a second backward elimination procedure, removing all insignificant terms in order (highest to lowest p-value) as well as a forward selection procedure. None of the interaction terms in any of the models was statistically significant. The overall parsimonious model showed that log funding per case reported decreased as log total cases increased (p0.001) ( Table 2) . Alternatively, the log funding per case reported increased as total population (p0.05) and the percentage of the population residing in an urban setting (p0.05) increased. In all areas, total cases reported ranged from eight to 9,371 with a mean of 1,698 (standard deviation [SD]  2,047) and a median of 1,032. The average total population was 5,252,605 (SD4,952,225) with a median of 4,206,074 and range of 515,005 to 25,765,427. Overall, the proportion of the population living in an urban setting ranged from 0.38 to 1.00 with a mean of 0.75 (SD0.17) and a median of 0.74.
In the low morbidity model, log funding per case reported decreased as log total cases (p0.001) increased. No other variables were significant for the low morbidity model. In these areas, the mean number of cases reported was 239 (SD237). For moderate morbidity areas, the parsimonious model showed that the log funding per case reported decreased as log total cases increased (p0.001). The log funding per case reported increased in accordance with an area's population (p0.05) and the proportion of an area's population residing in an urban setting (p0.05). In moderate morbidity areas, the mean number of cases reported was 1,815 (SD1,302). The mean total population and proportion in an urban setting were 5,634,263 (SD2,927,750) and 0.79 (SD0.16), respectively.
After we included the seven high morbidity areas in the moderate morbidity model, the parsimonious model again showed that the log funding per case reported decreased as log total cases increased (p0.001) and increased as the area's population (p0.05) and percentage urban (p0.05) increased. In these areas, the mean number of cases reported was 2,550 (SD2,156). While the mean total population in these areas was 7,253,544 (SD5,207,814), the mean proportion of the population residing in an urban area was 0.81 (SD0.15).
We used the four parsimonious models to estimate the predicted funding per case reported for each level of morbidity (Figure 2 ). In the overall parsimonious model, containing log cases, total population, and percentage urban, the predicted funding per case reported ranged from $173 to $5,572, with a mean predicted value of $763 (Figure 2, panel A) . In the low morbidity model, which was based on log cases only, the predicted funding per case reported ranged from $256 to $7,053 (Figure 2, panel B) , with a mean of $1,490. For the moderate and moderate-to-high morbidity models, both containing log cases, total population, and percentage urban, the predicted funding per case reported ranged from $163 to $1,139 and from $167 to $1,077, respectively (Figure 2, panels C and D) . The mean predicted funding per case reported was $423 for the moderate morbidity model and $390 for the moderate-to-high morbidity model.
DISCUSSION
In all four models, an increase in log total cases was statistically significantly associated with a decrease in the log funding per case reported. This economies-ofscale phenomenon has also been seen in an analysis of the cost of reporting cancer cases. 21 As in the cancer funding analysis, the economies-of-scale relationship in HIV surveillance may be largely due to fixed costs incurred in all areas. That is, every city or state reporting HIV cases to CDC encounters certain baseline administrative and logistical costs that are similar, regardless of morbidity level. This finding suggests that surveillance programs whose output potential is limited might achieve gains in operating efficiency by sharing fixed costs and other essential resources.
In the overall, moderate, and moderate-to-high morbidity models, funding per case reported increased as the total population in an area increased. However, the coefficients for total population were quite small in all three models (Table 2 ). For these three models, funding per case reported also increased as the percentage of the population residing in an urban area increased. Both of these associations make sense in that all costs, including those related to HIV surveillance, tend to be higher in large population centers. Rather than showing the true cost of reporting a case, our analyses show which dependent variables are associated with CDC core HIV surveillance funding. In other words, the four models developed as part of this analysis show how CDC core HIV surveillance funds are allocated by case of HIV reported. Ideally, the funding per case reported would be very close to the true cost of reporting a case. Some areas, however, may be "doing more with less." In such areas, the true cost of reporting a case would be higher than the funding received per case. Ideally, funding decisions are made in such a way that fewer states, given available funding, need to do more with less. Our analyses have elucidated a descriptive model that shows the factors related to current funding levels based on fixed total amounts of funding available.
A logical next analytical step would be the development of a model to determine how funding decisions could be based on the true cost of reporting a case. Assessing the true cost of reporting a case would involve looking at several factors, including the costs of individual surveillance activities such as setting up electronic reporting and maintaining it on an ongoing basis. Such an assessment would also have to address the issue of electronic laboratory reporting to find cases. Specifically, are laboratory reports of new cases obtained electronically or manually? If electronic, how much work is involved with-and how much cost incurred by-programming to make the process smooth and routine?
In addition, the analysis does not include costs incurred by areas related to obtaining updates on the progression from HIV to AIDS. For instance, are updates to AIDS obtained through staff review of medical records in search of low CD4 counts and/or AIDS indicator diseases, or are updates to AIDS obtained from laboratory reports of low CD4 counts? If the latter is the case, costs would vary depending on what proportion of the reporting is electronic as well as the method for entering these laboratory data (manual or batch uploading) into HARS.
Limitations
Our analyses were subject to some limitations. First, we imputed HIV diagnoses for five states and DC on the basis of the AIDS:HIV ratio in the remaining 45 states. This method yielded a relatively accurate estimate, although not the exact number of HIV diagnoses in any of the five states or DC.
Further, imputing the number of HIV diagnoses may have led to an underestimation of the funding per case reported for those areas. As mentioned previously, cases reported as HIV in 2006 and reported as AIDS later in 2006 were included twice in the analysis. One issue with this methodology is that cases of HIV that progressed to AIDS are categorized by reporting area. Therefore, if one area reported a case as HIV and another area reported that case as AIDS, both cases were attributed to the AIDS-reporting area. However, there is no reason to assume that areas experienced differing levels of in-migration of people reported with HIV infection in the origination area in 2006 and reported with AIDS in the destination area later that year. We included years since the initiation of any type of HIV reporting as a proxy for data quality. This decision was based on the assumption that it takes time for the quality of data from a reporting system to improve. In this context, quality relates to the accuracy of case information as well as completeness of case ascertainment (i.e., all cases diagnosed are reported). If the accuracy of information was low, then funding per case reported may have been overestimated. If more true cases were actually reported (i.e., improved completeness of case ascertainment), funding per case reported would have decreased. In other words, more cases would be reported with the same amount of total surveillance funding. This would increase the denominator (total cases reported) while the numerator (total surveillance funding) would remain constant. While the completeness of AIDS reporting has been reported as 85% or better, 22, 23 completeness of HIV reporting has been estimated to be 76% six months after diagnosis and 81% 12 months after diagnosis. 24 Given recent emphasis on increasing the transition from paper to electronic medical records, a main issue is the existence and ability of the program to obtain access to electronic medical records. This access will have a large impact on completeness and timeliness of reporting as well as costs, including those costs covered by areas' supplemental monies. Areas' supplemental monies (in addition to CDC surveillance funds) were not included in the analysis.
In addition, analyses did not include CDC's surveillance-related costs (e.g., review and processing of grant applications, and database management). Also, because some components of CDC surveillance funding (e.g., equipment and travel) may fluctuate from year to year, 2006 funding in some areas might not be representative of average annual funding in those areas. Finally, the seven areas transitioning from code-based to name-based reporting of HIV cases in 2006 may have reported more cases in that year than they will in the future once all prevalent HIV cases have been reported. This overreporting reduced the amount of funding per case reported in these seven areas.
CONCLUSIONS
The amount of CDC core surveillance funding per case of HIV reported is significantly associated with the total number of cases in an area and, depending on the area's level of morbidity, with total population and the percentage of that population residing in an urban setting. Our descriptive cost models elucidate the factors associated with current surveillance funding and provide a strong foundation for the development of models to determine how funding decisions could be made in the future.
